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DETAILED DESCRIPTION 


[Detailed Description of the Invention] 
[0001] 

[Industrial Application] this invention relates to the transparency electric conduction film manufactured 

by the arc discharge type ion plating system, and its manufacture method. 

[0002] 

[Description of the Prior Art] The transparency electric conduction film is used as a transparent 
electrode of the display of an antistatic film, a heat ray reflective film, a field emitter, an optoelectric 
transducer, or a flat panel. Moreover, the transparency electric conduction film for solar batteries is 
setting surface roughness (Ra) to hundreds of nm - several micrometers in order to gather the conversion 
efficiency of a solar battery generally. It is (1) low resistivity as a property required of a transparency 
electric conduction film, and it is raised that the variation within a field is small, that there is no 
variation within 80% or more side of (2) permeability, etc. Although these transparency electric 
conduction film is manufactured according to various manufacturing methods, it becomes important 
[ the quality of the adhesion of the film to a substrate ] by any case. Moreover, depending on element 
composition, other films, for example, an amorphous silicon, may be formed on a transparency electric 
conduction film. The quality of the adhesion of the amorphous silicon to a transparency electric 
conduction film also becomes important with the adhesion of the transparency electric conduction film 
to a glass substrate in that case. 

[0003] When manufacturing a transparency electric conduction film conventionally (membrane 
formation), by sputtering, the thin film was made to form and it was manufacturing. This sputtering 
forms membranes by making the cation which accelerated in the discharge gas (inert gas, such as an 
argon) within the vacuum collide with a target (negative electrode), beginning to beat the atom, and 
making a vacuum evaporationo molecule adsorb on a substrate (deposition). The sputtering method is 
classified into some methods according to the generation method of plasma, or the structure of a target. 
[0004] For example, the direct-current two-poles sputtering method for installing the substrate in which 
a thin film is made to form, making a target and an anode plate counter, and impressing the high voltage 
on a (b) anode plate. 

(b) Fundamental composition is the RF-sputtering method which made membrane formation to an 
insulator easy by using a RF as a power supply although it was the same as that of a (b). 

(c) A magnetic field makes it act on a target and a parallel direction, and there is the magnetron 
sputtering method of having raised mass-production nature etc. 

(e) The main cathode which consists the cathode of plasma production equipment of LaB6 (6 HOU-ized 
lanthanum), and this LaB6 The method (henceforth an arc discharge type plasma production method) 
(technology given in JP,4-23400,B) of sheet-izing plasma is proposed using the compound-die cathode 
and the magnetic field which were constituted from an auxiliary cathode which consists of matter with 
small heat capacity. 

[0005] In order to manufacture high density and the transparency electric conduction film of low 
resistance, using the target which usually carried out densification is known for these sputtering method. 
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Moreover, the transparency electric conduction film is formed also by the ion plating method for 
performing membrane formation by vacuum evaporationo in plasma atmosphere. By this ion plating 
method, while making into the plasma state the matter which evaporated from the evaporation source 
and ionizing some of the atoms, membranes are formed on a substrate by giving electric field and 
making this ion collide with a substrate. The ion plating method can be divided into the method of 
further some according to the generation method of plasma, and the structure of an evaporation source. 
[0006] for example, (**) — the RF type ion plating method which forms the space (plasma atmosphere) 
where membrane formation is performed by impressing RF excitation voltage in a vacuum housing, and 
causing glow discharge, and raises the adhesion to a membranous substrate, and the density of the 
vacuum evaporationo film itself 

(b) The hollow cathode type ion plating method for introducing a hollow cathode in a vacuum housing 
and starting arc discharge. 

[0007] (c) The ion plating method which used together the electron beam for fusing the electron-beam- 
excitation ion source and the evaporation source which prepared the electron beam acceleration field 
between the plasma field and the membrane formation field (technology given in JP,5-295527,A) 
(d) The ion plating method which formed plasma atmosphere by low voltage arc discharge, and carried 
out melting evaporation of the evaporation source with the electron beam (technology given in JP,61- 
201769,A). 

[0008] (e) The main cathode which consists the cathode of plasma production equipment of LaB6 (6 
HOU-ized lanthanum), and this LaB6 The method (henceforth an arc discharge type plasma production 
method) (technology given in JP,2-50577,B) of generating plasma is proposed by the generation 
equipment made to generate plasma atmosphere using the compound-die cathode constituted from an 
auxiliary cathode which consists of matter with small heat capacity. 
[0009] 

[Problem(s) to be Solved by the Invention] However, it could not be satisfied [ with the conventional 
method ] of all the film properties considered as a request. For example, by the magnetron sputtering 
method, although it was possible to have performed substrate heating and to have manufactured the 
transparency electric conduction film of the high permeability in low resistance, the target to be used 
was expensive, use efficiency was also bad, and there was a trouble that the membrane formation to a 
large area was difficult. Moreover, when the laminating of other films was carried out on a transparency 
electric conduction film, there was a trouble that the laminating of the adhesion could not be carried out 
well bad. Since the argon (Ar) etc. was being used for the transparency electric conduction film 
furthermore formed by the magnetron sputtering method as a discharge gas, the trouble that permeability 
decreased that a lot of Ar(s) are easy to be incorporated was in the film. 

[0010] performing substrate heating also by the conventional ion plating method on the other hand ~ the 
sputtering method ~ the same - low - a film [****] can be obtained Moreover, in case the laminating 
of other films is carried out on a transparency electric conduction film, it has good adhesion. However, 
permeability lacked in repeatability low and the transparency electric conduction film formed by this 
method had the trouble that the membrane formation to a large area was difficult. 
[001 1] that by which this invention was made in view of such a problem - it is - low resistivity ~ and it 
has high permeability and aims at offering a transparency electric conduction film and a manufacturing 
method excellent in adhesion with other films further formed on a transparency electric conduction film 
[0012] 

[Means for Solving the Problem] In the transparency electric conduction film containing the indium 
oxide and the tin oxide which were formed on the substrate covered by the insulator or the insulator, the 
permeability of this electric conduction film is always 80% or more in thickness:50-500nm and the 
wavelength of 350-800nm, and the surface roughness (RMS) of the aforementioned transparency 
electric conduction film could be 0.6nm - 1.3nm (claim 1). 

[0013] Moreover, it sets to the method of manufacturing the transparency electric conduction film 
containing the indium oxide and the tin oxide which were formed on the substrate covered by the 
insulator or the insulator. The process which generates plasma by arc discharge in the 1st vacuum space 


h g eg b eb eg e e 


Page 3 of 8 


by which the morphosis was set as the (b) predetermined pressure, The process which irradiates (b) this 
plasma at the vacuum evaporationo matter installed in the 2nd vacuum space set as the low pressure 
rather than the 1st vacuum space of the above, (**) « this — it consisted of a process which forms the 
transparency electric conduction film by the arc discharge type ion plating which forms membranes to a 
substrate in the 2nd vacuum space (claim 2), and the manufacture method (claim 3) of a transparency 
electric conduction film that the substrate temperature at the time of forming a transparency electric 
conduction film was 100-350 degrees C was used 
[0014] 

[Function] When this invention persons pursued the cause of decreasing the permeability of a 
transparency electric conduction film, they thought that the surface roughness in a transparency electric 
conduction film had influenced most. The film manufactured by the conventional sputtering method was 
precise, and surface roughness was good and was able to obtain high permeability. Moreover, by the ion 
plating method, surface roughness was conversely bad and the reduction in permeability had occurred 
by surface dispersion. The transparency electric conduction film of the adhesion with other thin films 
with which irregularity exists in a front face was better. This surface roughness is greatly influenced by 
the energy which reaches a substrate. The particle energy of the conventional sputtering is 10-1000eV in 
l-100eV and ion plating. It turns out that the arc discharge ion plating using the pressure gradient which 
this invention persons used is controllable with sufficient reappearance of the particle energy of a-ten 
number to a- 100 number by setting up membrane formation conditions (the discharge current, discharge 
voltage, bias). 

[0015] By introducing into the 2nd vacuum space the plasma generated in the 1st vacuum space, the 
indium oxide containing the tin oxide laid as quality of an emission evaporates, and it changes to indium 
ion (In3+, InOf, In204+, etc.) or tin ion (Sn4+, Sn02+, etc.). moreover, this time -- the 2nd vacuum 
space - 02 etc. - reactant gas is introduced A part of ion of the indium oxide containing the tin oxide 
which evaporated with the discharge current and voltage collides with a substrate, reacting with reactant 
gas. At this time, the indium ion which has moderate energy, and tin ion affect the transparency electric 
conduction film already deposited on a substrate. As for this influence, on a substrate, smoothing 
happens by movement of an atom and a molecule by the maximum front face or the number atomic 
layer. Thus, in the ion plating using the pressure gradient, since the 2nd vacuum space was set as 10 to 4 
or less Torrs, it became possible to form a transparency electric conduction film with low current and a 
voltage value. That is, in order to form membranes by low energy rather than the usual ion plating, it is 
considered that surface roughness also became below 1.3nm (RMS). 

[0016] Moreover, it is thought in response to the influence of the energy which reaches a substrate in 
this way, or a membrane formation degree of vacuum that the thin film growth process of this electric 
conduction film also changes. By this arc discharge ion plating method, when membrane formation 
temperature was 100 degrees C or less, surface roughness (RMS) tended to be set to less than 0.5nm, 
and the membranous degree of hardness (Hv) fell, and adhesion with other films is bad and it found the 
bird clapper. In the case of 350 degrees C or more, surface roughness (RMS) increases and it is set to 
1 .3nm or more. For this reason, the reduction in permeability occurred. 
[0017] 

[Example] In case drawing 1 carries out this invention, it is an example of the outline cross section of 
the thin film deposition system (arc discharge type ion plating system) used for thin film fabrication. 
This thin film deposition system in the vacuum housing 6 controllable to the pressure of the request for 
forming a vacuum evaporationo film The evaporation-source covering 20 and the emission crucible 19 
with notching are laid in the emission crucible 19 and part which have the configuration of two or more 
crevices so that two or more vacuum evaporationo objects can be put in separately. Just under the 
crucible maintenance means 7 and the emission crucible 19 which can rotate, and and the thickness of 
the vacuum evaporationo thin film formed on the permanent magnet 8 for plasma convergence installed 
just under notching of the evaporation-source covering 20, the substrate electrode holder 18 which 
supports the substrate 12 to which the vacuum evaporationo object which evaporated adheres, and which 
can be rotated, and the substrate 12 It has the shutter 15 which prevents the thickness monitor 17 to 


h g eg b eb eg e e 


Page 4 of 8 


measure and the vacuum evaporationo object which evaporated from the vacuum evaporationo object of 
the emission crucible 19 reaching a substrate 12. 

[0018] Moreover, in order to heat the vacuum evaporationo object in the emission crucible 19 to a 
vacuum housing 6, By and the plasma production means (electron gun) 50 and the plasma production 
means 50 of generating the plasma which forms plasma atmosphere in a vacuum housing 6 The width of 
face of the generated plasma atmosphere In the main stroke power supply 5 for giving potential between 
the air-core coil 14 to control, and the plasma production means 50 and the emission crucible 19, and 
generating plasma, the bias power supply 1 1 which gives potential between a substrate 12 and the 
emission crucible 19, the exhaust port 9 which exhausts the gas in a vacuum housing 6, and a vacuum 
housing 6, reactant gas The reactant gas feed hopper 10 to supply is formed. 

[0019] The exhaust air place of an exhaust port 9 is equipped with the exhaust air means of equipped 
with trap oil diffusion pump, oil-sealed-rotary -pump, auxiliary-pump, rough length bulb (not shown), 
and main- valve 16 grade. The vacuum housing 6 in this example is made of the product made from 
stainless steel (SUS304). The emission crucible 19 is made of conductive material. This emission 
crucible 19 has high potential to the plasma production means 50 by the main stroke power supply 5, 
and serves as the anode plate of the plasma production means 50. The plasma generated with the plasma 
production means 50 reaches the evaporation crucible 19, and fuses a vacuum evaporationo object by 
the energy of the plasma. This emission crucible 19 comes to mix [ have two crevices 19a and 19b, and ] 
two kinds of matter and be separate. Moreover, bias voltage is impressed by bias power supply 11, and, 
as for the emission crucible 19 and the substrate 12, the emission crucible 19 has an electropositive 
potential to the substrate 12. 

[0020] The crucible maintenance means 7 is mechanically united with the emission crucible 19. The 
crucible maintenance means 7 is rotated by rotation driving means (not shown), such as a motor. When 
the crucible maintenance means 7 rotates, the emission crucible 19 also rotates together. This crucible 
maintenance means 7 is made of insulators, such as Teflon, the internal structure of this crucible 
maintenance means 7 is boiled with lead wire etc., and it is made to flow through it electrically, as the 
emission crucible 19, the main stroke power supply 5, and bias power supply 1 1 flow However, even if 
it has flowed electrically, the structure where it is not affected is taken to the plasma generated from the 
plasma production means 50. Moreover, the crucible maintenance means 7 has the water-cooled 
mechanism, and has cooled the crucible maintenance means 7 by this (not shown). 
[0021] The pressure-gradient type plasma production equipment using composite cathode which is 
indicated by "the 10th vacuum [ No. 25 ] volume" was used for the plasma production means 50. This 
plasma production means 50 mainly consists of the 2nd bipolar-electrode 4 grade which built in a gas 
inlet 1, the cathode section 2 arranged at the end, the 1st bipolar electrode 3 which built in the annular 
permanent magnet, and the 2nd air-core coil. While dividing the space a cathode side and in a vacuum 
housing 6 into an anode plate side for the space of the plasma production means 50 spatially by 
arranging bipolar electrodes 3 and 4 between the emission crucibles 7 which have the property of an 
anode plate to this cathode section 2 and the cathode section 2, it is made to generate plasma, where the 
pressure by the side of cathode is maintained to a pressure higher than an anode plate side. The 
mechanism of generating of the plasma by this plasma production means 50 is as follows. Gas (Ar gas is 
used in this example.) is introduced into the plasma production means 50, and, thereby, the pressure of 
the plasma production room 5 1 is set to about 1 Ton from a gas inlet 1 . On the other hand, it is set near 
the jar maintenance means 7 against this plasma production means 50 which is an anode plate and which 
are taken emission crucible 19 as the pressure of about 10-1 to 10 to 4 Torrs to wish by the exhaust air 
means in an exhaust port 9. Thus, the pressure by the side of cathode is made into a pressure higher than 
the pressure by the side of an anode plate. In this state, direct current voltage is impressed by the main 
stroke power supply 5. Electric discharge takes place between the plasma production means 50 and the 
evaporation crucible 19. The plasma which contains an electron by this electric discharge is generated at 
the plasma production room 51, and the plasma is drawn out in a vacuum housing 6 by the emission 
crucible 19 which is an anode plate to a bipolar electrode 3, a bipolar electrode 4, and the plasma 
production means 50. And with the permanent magnet 8 for plasma convergence, it converges plasma, 
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the emission crucible 19 is reached, and the plasma atmosphere 13 is formed like the dotted line of 
drawing 1 in a vacuum housing 6. 

[0022] Thus, maintaining at a high vacuum (low voltage force) the inside of the vacuum housing 6 to 
which membrane formation is performed, since the part which generates plasma is made to a low 
vacuum (high-pressure force), it can perform electric discharge stable for plasma production. Moreover, 
by the pressure differential of a vacuum housing 6 and the plasma production room 51, since there is no 
adverse current of ion to the cathode section 2, the injury on the cathode by the collision of ion can be 
prevented. Moreover, it has which advantage in which the high current electric discharge with the long 
life of cathode to which thermionic emission from cathode cannot fall easily is otherwise possible as a 
feature of this plasma production means 50. Furthermore, even if it introduces reactant gas in a vacuum 
housing 6, there is the feature that no possibility that this gas may enter the plasma production room 5 1 
is. 

[0023] The thickness monitor 17 consists of a quartz resonator, and can always supervise a membrane 
formation rate and thickness. The exhaust port 9 which has an exhaust air means for setting the inside of 
a container 6 as a desired pressure, and the reactant gas feed hopper 10 are formed in the vacuum 
housing 6. The reactant gas supply means (not shown) for introducing reactant gas in a container 6 is 
connected to this reactant gas feed hopper 10. 

[0024] Next, process in which a transparency electric conduction film is manufactured using this thin 
film deposition system (arc discharge type ion plating system) (membrane formation) is explained. 
Moreover, the thin film block diagram of this example was shown in drawing 2 . It is the composition 
which carried out the laminating of the transparency electric conduction film 100 on the glass substrate, 
and carried out the laminating of other thin films (this example a-Si film) 101 on it further. First, the 
circular quartz glass (surface roughness; RMS about 1.3nm) of the request which carried out optical 
polish as a substrate 12 is prepared, and this substrate 12 is attached in the substrate electrode holder 18. 
And the indium oxide (ITO) which contained the tin oxide in one crevice 19a of the emission crucible 
19 5% of the weight is laid. Then, by the exhaust air means which is in an exhaust port 9 while adjusting 
the opening of a main valve 16, it sets up so that the pressure in a vacuum housing 6 may be set to 1x10- 
6Torr. And the motor which is the rotation driving means of the crucible maintenance means 7 is driven, 
and specified quantity rotation is carried out so that crevice 19a of the evaporation crucible 19 with 
which ITO was laid may be located in the lower part of notching of the evaporation-source covering 20. 
[0025] Then, in the plasma production means 50, Ar gas which is a discharge gas from a gas inlet 1 is 
introduced. Consequently, the pressure (gas pressure) of the plasma production room 51 is maintained 
by about about 1 Torr. Moreover, by the exhaust air means in an exhaust port 9, it sets up so that the 
pressure of the near field of the evaporation crucible 19 in a vacuum housing 6 may serve as 
abbreviation 2x1 0-3 Torr. After that, the direct current voltage of about 600 V is impressed between the 
jar maintenance meanses 7 taken plasma production room 5 1 by the main stroke power supply 5. At this 
time, arc discharge arises near [ plasma production room 51 ] the plasma production means 50, and a 
discharge gas is plasma-ized by this arc discharge. 

[0026] The generated plasma is pulled out by the 1st bipolar electrode 3 and the 2nd bipolar electrode 4 
in a vacuum housing 6 from the plasma production room 5 1 . With these bipolar electrodes 3 and 4 or an 
air-core coil 14, it converges in the shape of a pillar, and this plasma is drawn in a vacuum housing 6 as 
a plasma atmosphere 13. By the magnetic field of the magnet 8 for plasma convergence installed in 
about seven crucible maintenance means, the plasma atmosphere 13 drawn in the vacuum housing 6 can 
change a course, passes through notching of the evaporation-source covering 20, and reaches one 
crevice 19a of the emission crucible 19. And melting and evaporation of the vacuum evaporationo object 
(ITO) laid in this crevice 19a are done. 

[0027] In this example, it concentrates on the vacuum evaporationo object which is just under notching 
of the evaporation-source covering 20, and notching of the evaporation-source covering 20 and the 
plasma of the emission crucible 19 generated by the plasma production means 50 since the magnet 8 for 
plasma focus was located mostly just under are irradiated. Therefore, even if two or more kinds of 
matter is laid in the metaphor emission crucible 19, only the vacuum evaporationo object which is just 
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under notching of the evaporation-source covering 20 can be evaporated alternatively. When the vacuum 
evaporationo object of the emission crucible 19 evaporates, the degree of opening of the exhaust air 
means of an exhaust port 9 or a main valve 1 6 is controlled so that the pressure in a vacuum housing 6 
serves as 8xlO-4Torr. On the other hand, oxygen gas (02) is introduced in a container 6 by the desired 
flow rate (this example 30 cc/min) from the reactant gas feed hopper 10 by the reactant gas supply 
means. 

[0028] In addition, at this time, also as for after introduction of reactant gas, the pressure in a container 6 
adjusts the degree of opening and exhaust air means of a main valve 16 so that it may be maintained by 
8xlO-4Torr. The matter (ITO) and reactant gas (oxygen gas) which evaporated are ionized by passing 
along the inside of the plasma atmosphere 13. Then, the vacuum evaporationo object and reactant gas 
which opened the shutter 15 and were ionized and which evaporated reach on the substrate 12 
maintained at the electronegative potential. Consequently, the thin film-like transparency electric 
conduction film 100 is formed in this substrate 12 front face. 

[0029] In addition, during formation of a thin film, since the thickness and the membrane formation rate 
(vapor rate) of a thin film can be measured with the thickness monitor 17, if it becomes predetermined 
thickness, a shutter 15 will be closed and membrane formation will be stopped. The transparency 
electric conduction film laid in the emission crucible 19 as mentioned above is producible. 
[0030] Next, the example about the transparency electric conduction film 100 produced by the 
aforementioned manufacture method using the thin film deposition system (arc discharge type ion 
plating system) of this example is shown. The thickness of this transparency electric conduction film 
was set as 200nm. The membrane formation conditions of this transparency electric conduction film are 
shown below. 

Ultimate-pressure force in a vacuum housing (degree of vacuum) :lxlO-6Torr Pressure in the 2nd [ at 
the time of membrane formation ] vacuum housing : 8xlO-4Torr (Degree of vacuum) A reactant gas 
(02) flow rate : 30 cc/min Source of vacuum evaporationo : ITO (acid -ized indium which contained the 
tin oxide 5% of the weight) 

Membrane formation speed : 0.4 - 0.5 nm/sec Substrate temperature : 200 degrees C [0031] 

[The example 1 of comparison] Substrate temperature at the time of membrane formation of an example 

1 was made into 25 degrees C, and the transparency electric conduction film was manufactured 

(membrane formation). 

[0032] 

[The example 2 of comparison] Substrate temperature at the time of membrane formation of an example 
1 was made into 400 degrees C, and the transparency electric conduction film was manufactured 
(membrane formation). 
[0033] 

[The example 3 of comparison] Transparency electric conduction film manufacture (membrane 
formation) was carried out by magnetron sputtering. The property of transparency electric conduction 
**** manufactured in the above-mentioned example and the example of comparison (membrane 
formation) was evaluated, and the evaluation result was shown in Table 1 . 
[0034] 
[Table 1] 



mmm i 

itnw i 

it&m 2 

&nm 3 

s a * 

&$? 

&«? 



Jgl/UQ /en 2 ) 

1.5x 10" 4 

4.7x 10-* 

1.4x 10" 4 

2. lx 10~ 4 

(RMS) 

0.9 

0.4 

1.6 

0.4 

&&&«(°C) 

200 

25 

400 

25 


&# 


&#? 



g eg b 


eb eg e e 


Page 7 of 8 


[0035] Resistance is the result of measuring by the four probe method. Permeability was measured in the 
range with a wavelength of 350-800nm using the Hitachi spectrophotometer U-3400, and permeability 
showed the KUMORI observation result of a transparency electric conduction film with a wavelength of 
550nm in Table 1. The appraisal method has arranged the light source of high brightness behind the 
substrate by which the transparency electric conduction film was formed, visually, observed KUMORI 
of a transparency electric conduction film, and performed it. KUMORI of a transparency electric 
conduction film can be distinguished by changing arbitrarily the distance of the substrate and the light 
source with which the transparency electric conduction film was formed in that case. This KUMORI 
was evaluated in four stages of weakness and fitness (with no KUMORI) into strength according to the 
stage. When this KUMORI occurs, a delicate reduction of permeability is checked. 
[0036] Drawing 3 is permeability change when changing the thickness of the transparency electric 
conduction film produced by this invention. The result of 50nm of thickness, 200nm of thickness, the 
value at the time of 500nm, and the example 2 of comparison is also shown in this drawing. Thus, as for 
the permeability to thickness, 80% or more is obtained in the range of 350-800nm wavelength. Drawing 
4 is permeability change when making substrate temperature at the time of membrane formation into 50 
degrees C, 200 degrees C, and 400 degrees C. In the permeability result whose substrate temperature is 
50 degrees C and 400 degrees C, 80% is not obtained near the wavelength of 500nm. 
[0037] Surface roughness measurement (RMS) was performed using the optical interference type non- 
contact surface type-like measuring instrument (WYKO; 40 times as many object as this). Drawing 5 
and drawing 6 are as a result of the adhesion (tape test) of the surface roughness (RMS) and the surface 
roughness and the transparency electric conduction film 100, and amorphous silicon 101 at the time of 
changing the substrate temperature at the time of membrane formation to room temperature -400 degree 
C. 

[0038] Membrane formation of an amorphous silicon was performed the following condition by the 
plasma CVD method. The glass substrate with which the transparency electric conduction film was 
formed is placed into a vacuum chamber, and the inside of a chamber is decompressed to 10-6Torr with 
an exhaust air pump. Next, specified quantity mixture of material gas SiH4 and the carrier gas H2 is 
carried out, and it introduces in a chamber, and maintains to predetermined pressure 10-lTorr. Glow 
discharge is caused with the frequency of 13.56MHz, and Power 50-300W using an electrostatic- 
coupling type RF generator. Consequently, SiH4 gas in a chamber decomposes and an amorphous 
silicon accumulates on a transparency electric conduction film. 

[0039] The film 101 which carries out a laminating to the transparency electric conduction film upper 
part is not limited to an amorphous silicon. The ratios SI /SO of the film surface product before a tape 
test (SO) and the film surface product (SI) which has not exfoliated estimated adhesion. When the 
surface roughness of the formed transparency electric conduction film front face was 0.5nm or more 
according to this result, it became clear that a film with good adhesion is obtained. Therefore, in order to 
obtain a good transparency electric conduction film so that drawing 5 may show, it turns out that it is 
required for the substrate temperature at the time of membrane formation to be 100-400 degrees C. 
[0040] If the range of the surface roughness of the transparency electric conduction film manufactured 
by this invention is 0.5-1.3nm, what also has the adhesion of the a-Si (amorphous silicon) and the 
transparency electric conduction film which carried out the laminating to the upper part of a 
transparency electric conduction film good permeability and good will be obtained, however ~ the 
examples 1-3 of comparison ~ each - the transparency electric conduction film with both the sufficient 
adhesion of permeability and a-Si --******— things were not made Thus, the transparency electric 
conduction film with low resistance, high permeability, and the property that was excellent to adhesion 
with other thin films uses the arc discharge type ion plating using the pressure gradient, and it turns out 
that it is obtained by forming substrate temperature at 100-350 degrees C. 
[0041] 

[Effect of the Invention] As mentioned above, according to this invention, by using the arc discharge 
type ion plating using the pressure gradient, and forming substrate temperature at 100-350 degrees C, 
high permeability, low resistance, and the transparency electric conduction film excellent in adhesion 
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with other thin films are formed, and the thing of them can be carried out. 


[Translation done.] 
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ABSTRACT: 

PURPOSE: To produce a transparent conductive film having low resistivity and 
high transparency by specifying a transparency and a surface roughness of the 
conductive film at the time of forming the transparent conductive film 
containing indium oxide and tin oxide on a substrate coated with an insulated 
matter. 

CONSTITUTION: This transparent conductive film containing the indium oxide 
and the tin oxide is formed on the insulated matter or the substrate coated 
with the insulated matter. In this time, the transmissivity of the transparent 
conductive film is always kept in &ge;80% at 50-500nm film thickness and 
350-800nm wavelength and its surface roughness (RMS) is kept in 0.5-1 .3nm. 


In 

this way, the transparent conductive film excellent in adhesion to other film 
is obtained. 
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